In this study, different concentrations of the inducer (pectin) and the carbon source (glucose) were evaluated as components of the culture medium for the production of pectinases by Aspergillus niger. Furthermore, it evaluated the stability of the enzymes produced with respect to the temperature and the enzyme extract produced was tested for the clarification of strawberry juice. The highest pectinolytic activity (68 U/g) was obtained at a concentration of 6% (w/w) of pectin in the absence of glucose in the medium. Pectinases activity has shown high stability at 20 • C and 30 • C while a gradual decrease of activity was observed when the temperature rose. A reduction of about 50% of the total pectinases activity was measured at 50 • C after 60 min of exposure. The experimental enzymatic extract was compared with a high-quality commercial product for the clarification of strawberry juice. Similar data were obtained for turbidity and viscosity reduction. The enzymatic treatment led to a reduction of about 60% in the turbidity and 40% in the viscosity of the juice. After the enzymatic treatment, the total phenolic compounds, total anthocyanins, and antioxidant activity were preserved. The results obtained in the present work indicate the potential of the enzymes produced for using in fruit processing.
Introduction
Pectinolytic enzymes, which are also referred to as pectinases, include a group of enzymes that are responsible for the degradation of pectic substances and have important applications in the food industry [1, 2] . Pectinases are important enzymes for the biotechnological sector, which have been presenting a constant increase in their market share and presently hold a leading position among the commercially-produced industrial enzymes [3] . These enzymes can be efficiently produced by both submerged and solid-state cultivation especially by fungi belonging to the genus Aspergillus. Solid-state cultivation (SSC) offers the possibility of processing agro-industrial residues that can be used, for instance, as substrates for enzyme production, which reduces the processing cost and environmental impact caused by these residues. SSC is a type of process that occurs in the absence or near absence of any liquid in the space among particles. In this system, water is present in the solid substrate whose capacity for liquid retention varies with the type of material [4] .
Fungi have been considered the organisms most adapted to SSC because their hyphae can grow on particle surfaces and penetrate into the inter-particle spaces and, thereby, colonize solid substrates [5] . SSC generally employs a natural raw material as a carbon and energy source. Moreover, SSC can employ an inert material as the solid matrix, which requires supplementing a nutrient solution containing the necessary nutrients as well as a carbon source [6] .
Fontana et al. [6] reported that an excess of glucose in solid media reduced the formation of polygalacturonases (PG) and hydrolases belonging to the pectinases group by a strain of
Culture Media
The solid medium defined by Fontana et al. [6] was used as the basis for the experiments described in this work. The solid medium had the following composition (%): wheat bran (MOINHO NORDESTE, Antonio Prado, Brazil), 36. The production of total pectinases was performed in flasks. The evaluation of the pectin concentration (0% w/w, 2% w/w, 6% w/w, 10% w/w, 12% w/w, 16% w/w, 20% w/w, and 25% w/w) on the pectinase production was assessed in medium containing 10% w/w of glucose while the tests on the influence of glucose concentration (0% w/w, 5% w/w, 10% w/w, 15% w/w, and 20% w/w) was performed with an initial pectin concentration of 6% w/w. As the different amounts of pectin and glucose were added to the solid medium, a corresponding mass of wheat bran was reduced.
Experimental Conditions
Flasks (100 mL) containing 12 g of medium were used for the cultivation of A. niger and to produce enzymatic extracts. The flasks were inoculated with A. niger spores in order to have an initial concentration of 1.10 7 spores/100 g and were incubated at 30 • C in a humidity-saturated environment for 72 h.
The extraction of enzymes from solid media was carried out by suspending 1.0 g of dry material in 15 mL of distilled water (pH 4) by using 125-mL Erlenmeyer flasks that were agitated in a reciprocal shaker at 200 rpm and 30 • C for 60 min. The enzymatic extract was obtained by centrifugation for 10 min at 5000× g. The supernatant was stored at 4 • C for subsequent tests [6] .
The thermo-stability of A. niger LB-02-SF pectinases was evaluated at temperatures from 20 • C to 70 • C. In these tests, the crude enzyme solution (10 mL) was submitted to each temperature and evaluated for up to 150 min. The samples were collected every 15 min during the first hour of the test and then collected at every 30 min.
The crude extract obtained from the cultivation process was concentrated before its application in strawberry juice treatment. Initially, the extract was pre-treated with activated charcoal (5 g/L), microfiltered (0.2 µm), and then concentrated by ultrafiltration using a membrane of nominal molecular weight cut-off of 10 kDa [9] . Strawberries (Fragaria x ananassa Duch.) were purchased at commercial maturity from a local supplier. The fruits were washed with tap water and processed in a domestic blender (WALITA, São Paulo, Brazil). The strawberry juice was then distributed into equal parts in test tubes and then subjected to three experimental enzymatic clarification treatments, which include the control in which the enzyme preparations were replaced by distilled water, the application of the experimental enzymatic extract, and the application of the commercial enzymatic preparation Pectinex ® Clear (NOVOZYMES LATIN AMERICA LTD, Araucária, Brazil). The experimental enzyme extracts as well as the commercial preparation were diluted to 1 unit (U) of total pectinases per mL, which was previously standardized by Sandri et al. [1] . The enzymatic treatment assays were performed in a thermostatic bath (B. BRAUN BIOTECH model CERTOMAT WR, Melsungen, Germany), at 50 • C for a reaction time of 60 min.
Analytical Methods
Total pectinases (TP) activity was determined by measuring the viscosity reduction of a standard solution of citric pectin (ESKISA S.A., São Paulo, Brazil) in 0.05 M acetate buffer pH 4.0 at 30 • C for 30 min. One TP unit was defined as the quantity of the enzyme that causes a 50% reduction in the solution viscosity under standardized conditions [10] .
Pectinlyase (PL) activity was estimated by measuring the increase in absorbance at 235 nm due to the formation of unsaturated products, which was proposed by Albersheim [11] . The molar extinction coefficient of unsaturated products e 235 = 5550 M −1 cm −1 was used to calculate enzymatic activity, PL = (∆A/ e 235).10 6 (µmol/mL/min), where ∆A represents the increase in absorbance per minute.
Pectin methylesterase (PME) activity was determined by the titration of carboxylic groups liberated through de-esterification of citric pectin, according to the method described by Duvetter et al. [12] . During pectin hydrolysis, the pH was maintained at a pH of 4.5 (set-pH) by adding 0.01 N NaOH using an automatic pH-stat titrator (CONSORT model R735, Turnhout, Belgium). The activity unit (U) of PME is defined as the amount of the enzyme required to release 1 µmol of acid per minute under the aforementioned assay conditions. Filter paper (FPase), endoglycanases, β-glucosidases, xylanases, and amylases activities were estimated based on the amount of carbohydrates released from Whatman N • 1 filter paper [13] , carboxymethylcellulose (CMC) [14] , salicin [15] , xylan [16] , and starch [17] , respectively.
The concentrations of reducing sugars were estimated using the dinitrosalicylic method proposed by Miller [18] .
The viscosity of the juice was measured with a viscometer (BROOKFIELD ENGINEERING, model DV-II+, Middleboro, USA) and turbidity was measured with a digital turbidity (MD-Digimed TU, São Paulo, Brazil) at room temperature.
Total soluble solids ( • Brix) were estimated by using a digital refractometer (model HI96801 HANNA Instruments, Cluj-Napoca, Romania) with automatic temperature compensation. pH was measured with a pH-meter (model DM-2, Digimed, São Paulo, Brazil). The titratable acidity was determined from 10 mL of distilled water-diluted juice (1:2 v/v) and titrated with 0.1 N NaOH solution to pH 8.2. The titratable acidity is expressed as meq NaOH/100 mL juice.
The total phenolic compounds (TP) were determined by the Folin-Ciocalteu procedure [19] . The phenolic content was expressed as gallic acid equivalents in mg.100 mL −1 . The total anthocyanin (TA) was measured using the pH differential shift method [20] . The data are expressed as mg pelargonidin 3-glucoside (the most predominant anthocyanin in strawberry) per 100 mL juice (mg Pel3Glu/100 mL juice).
The free radical-scavenging activity was determined by ABTS (2, 2 -azinobis [3-ethylbenzthiazoline]-6-sulfonic acid), which is a radical cation de-colorization assay described by Re et al. [21] . The results were corrected for dilution and expressed in mmol Trolox per 100 mL of juice. All determinations were performed in triplicate using a spectrophotometer (AURORA INSTRUMENTS, Vancouver, BC, Canada). 
Statistical Analysis
The data obtained were evaluated by the analysis of variance (ANOVA) followed by Tukey's pos-hoc test at a probability level of less than 5% (p < 0.05). The results were presented as the mean with the respective standard deviation from two experiments under each cultivation condition and three experiments for other analyses. All tests were performed using the GraphPad Prism version 5.00 for Windows (GraphPad Software, San Diego, CA, USA).
Results and Discussion

Effect of Pectin and Glucose Concentrations on the Solid-State Process
The addition of 2 % (w/w) to 10% (w/w) pectin to the medium resulted in the highest enzyme titers (64 U.g −1 ). Above 10% (w/w) pectin, a reduction in the enzyme titers was measured possibly due to the compaction of the medium caused by an excess of the polysaccharide that could result in an inefficient mass and heat transfer ( Figure 1 ). The solid cultivation medium is formed by small particles and has a large surface area that could be colonized by the microorganism. This characteristic can result in agglutination and hardening of the substrate, which, therefore, interferes with the aeration system and the use of oxygen by the microorganism [22] . The pectin could contribute to this situation. Furthermore, a high concentration of pectin may have impaired cell growth and enzyme production by lowering the amount of free water in the system. According to Demir and Tari [23] , free water is an essential parameter for maximum enzymatic activity and the higher moisture contents favor the swell of wheat bran particles and increase the surface area. Moreover, the spaces between the swollen particles help vegetative growth and eventually increase the solubility of nutrients present in the wheat bran structure. with the respective standard deviation from two experiments under each cultivation condition and three experiments for other analyses. All tests were performed using the GraphPad Prism version 5.00 for Windows (GraphPad Software, San Diego, CA, USA).
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Effect of Pectin and Glucose Concentrations on the Solid-State Process
The addition of 2 % (w/w) to 10% (w/w) pectin to the medium resulted in the highest enzyme titers (64 U.g −1 ). Above 10% (w/w) pectin, a reduction in the enzyme titers was measured possibly due to the compaction of the medium caused by an excess of the polysaccharide that could result in an inefficient mass and heat transfer (Figure 1 ). The solid cultivation medium is formed by small particles and has a large surface area that could be colonized by the microorganism. This characteristic can result in agglutination and hardening of the substrate, which, therefore, interferes with the aeration system and the use of oxygen by the microorganism [22] . The pectin could contribute to this situation. Furthermore, a high concentration of pectin may have impaired cell growth and enzyme production by lowering the amount of free water in the system. According to Demir and Tari [23] , free water is an essential parameter for maximum enzymatic activity and the higher moisture contents favor the swell of wheat bran particles and increase the surface area. Moreover, the spaces between the swollen particles help vegetative growth and eventually increase the solubility of nutrients present in the wheat bran structure. The process was then evaluated with different glucose concentrations in the medium. As shown in Figure 1B , higher enzyme titers (68 U/g) were obtained in the absence of this carbohydrate. In the presence of glucose, decreasing enzyme activities were measured when the concentration of glucose added to the medium was increased. It is possible that the presence of glucose caused a repressive effect on pectinase production. In addition, the absence of glucose may have limited the fungal growth and favored pectinases production. Poletto et al. [24] studied the pectinases production by A. niger LB-02-SF and have suggested that, under a growth-limiting condition, pectinase production is increased. Fontana et al. [6] , while evaluating the production of endo-PG and exo-PG by A. niger T0005007-2 at different glucose concentrations, found that concentrations of up to 6% (w/w) of this carbohydrate resulted in a substantial increase in enzyme activity compared to the control (without glucose). The results showed that the composition of the pectinases production medium influences the pectinolytic activity. An optimized medium is required for each strain. The process was then evaluated with different glucose concentrations in the medium. As shown in Figure 1B , higher enzyme titers (68 U/g) were obtained in the absence of this carbohydrate. In the presence of glucose, decreasing enzyme activities were measured when the concentration of glucose added to the medium was increased. It is possible that the presence of glucose caused a repressive effect on pectinase production. In addition, the absence of glucose may have limited the fungal growth and favored pectinases production. Poletto et al. [24] studied the pectinases production by A. niger LB-02-SF and have suggested that, under a growth-limiting condition, pectinase production is increased. Fontana et al. [6] , while evaluating the production of endo-PG and exo-PG by A. niger T0005007-2 at different glucose concentrations, found that concentrations of up to 6% (w/w) of this carbohydrate resulted in a substantial increase in enzyme activity compared to the control (without Beverages 2018, 4, 48 5 of 10 glucose). The results showed that the composition of the pectinases production medium influences the pectinolytic activity. An optimized medium is required for each strain.
Effect of the Temperature on the Stability of Pectinases
Thermostability of an enzyme is the ability to resist thermal unfolding in the absence of substrates [2] . Knowing the behavior of each particular pectinase preparation with this knowledge is essential to defining the ideal condition of its use since the industrial application of these enzymes generally involve relatively high temperatures. Figure 2 depicts the effect of temperature from 20 • C to 70 • C on the activity of pectinases of A. niger LB-02-SF for up to 150 min. The enzymes present high thermo-stability at temperatures of 20 • C and 30 • C. At 40 • C, approximately 80% of the initial pectinolytic activity was preserved after 150 min of pre-incubation while decreasing activities were measured since larger temperatures were used in the tests. For 50 • C, for example, a decrease of about 50% of the total pectinases activity was observed after 60 min.
Thermostability of an enzyme is the ability to resist thermal unfolding in the absence of substrates [2] . Knowing the behavior of each particular pectinase preparation with this knowledge is essential to defining the ideal condition of its use since the industrial application of these enzymes generally involve relatively high temperatures. Figure 2 depicts the effect of temperature from 20 °C to 70 °C on the activity of pectinases of A. niger LB-02-SF for up to 150 min. The enzymes present high thermo-stability at temperatures of 20 °C and 30 °C. At 40 °C, approximately 80% of the initial pectinolytic activity was preserved after 150 min of pre-incubation while decreasing activities were measured since larger temperatures were used in the tests. For 50 °C, for example, a decrease of about 50% of the total pectinases activity was observed after 60 min.
From previous works found in the specialized literature, it was observed that thermo-stability varies depending on the enzymatic extract of each strain. Hendges et al. [25] evaluated the thermostability of endo-PG produced by A. niger T0005007-2 and observed a decrease of about 40% of the original activity when the preparation was exposed to 50 °C for 60 min. For the same temperature and time, Ortega et al. [26] reported that the CCM commercial pectinase preparation held 57% of its initial activity while only 5% to 10% of the activities of Rapidase C80 and Pectinex 3XL have been preserved. Cordeiro and Martins [27] , when evaluating the polygalacturonase produced by a strain of Bacillus sp., defined the temperature of 70 °C for 120 min as the optimum conditions for enzyme activity. As already mentioned, pectinases are important enzymes especially for the fruit juice industry among other biotechnological applications. In fruit juice processing, before the addition of pectinases, the fruit is initially cooked and allowed to release most of the pectin into the juice, which results in a thick and cloudy appearance. Apples, stone fruits, and berries, for instance, are normally processed at 30 °C to 50 °C for about 15 to 90 min [28] . Therefore, considering the conditions commonly used for commercial enzymes, one can highlight the potential of the enzymatic extract produced by A. niger LB-02-SF for juice processing.
Application of the Enzyme Extract in Strawberry Juice Treatment and Characterization of the Enzyme Complex
Enzymatic treatment is a key step in strawberry juice processing in order to remove the substances responsible for the turbidity of fresh juice and to prevent the turbidity development during storage, which is commonly known as haze formation. The crude enzyme extract produced by A. niger LB-02-SF was tested for the treatment of strawberry juice in comparison with the commercial preparation used as a reference. Table 1 presents the values for viscosity, turbidity, pH, titratable acidity, total soluble solids, total anthocyanin (TA), total phenolic compounds (TP), and antioxidant capacity (AC) measured in strawberry juice with and without enzyme treatment. The Effect of temperature and pre-incubation time on total pectinases activity of Aspergillus niger LB-02-SF.
From previous works found in the specialized literature, it was observed that thermo-stability varies depending on the enzymatic extract of each strain. Hendges et al. [25] evaluated the thermo-stability of endo-PG produced by A. niger T0005007-2 and observed a decrease of about 40% of the original activity when the preparation was exposed to 50 • C for 60 min. For the same temperature and time, Ortega et al. [26] reported that the CCM commercial pectinase preparation held 57% of its initial activity while only 5% to 10% of the activities of Rapidase C80 and Pectinex 3XL have been preserved. Cordeiro and Martins [27] , when evaluating the polygalacturonase produced by a strain of Bacillus sp., defined the temperature of 70 • C for 120 min as the optimum conditions for enzyme activity.
As already mentioned, pectinases are important enzymes especially for the fruit juice industry among other biotechnological applications. In fruit juice processing, before the addition of pectinases, the fruit is initially cooked and allowed to release most of the pectin into the juice, which results in a thick and cloudy appearance. Apples, stone fruits, and berries, for instance, are normally processed at 30 • C to 50 • C for about 15 to 90 min [28] . Therefore, considering the conditions commonly used for commercial enzymes, one can highlight the potential of the enzymatic extract produced by A. niger LB-02-SF for juice processing.
Enzymatic treatment is a key step in strawberry juice processing in order to remove the substances responsible for the turbidity of fresh juice and to prevent the turbidity development during storage, which is commonly known as haze formation. The crude enzyme extract produced by A. niger LB-02-SF was tested for the treatment of strawberry juice in comparison with the commercial preparation used as a reference. Table 1 presents the values for viscosity, turbidity, pH, titratable acidity, total soluble solids, total anthocyanin (TA), total phenolic compounds (TP), and antioxidant capacity (AC) measured in strawberry juice with and without enzyme treatment. The enzymatic treatment of strawberry juice significantly reduced the turbidity and viscosity levels of the treated samples. The viscosity reduction process promotes more efficiency for juice processing since during the membrane filtration step, the fouling formation can be reduced, which results in an increasing permeate flux [29, 30] . The enzymatic treatment of strawberry juice with the experimental enzyme preparation resulted in no significant difference in terms of turbidity or a viscosity decrease when compared to the treatment completed with the commercial product. The pH-value of untreated juice (control) and commercial-enzyme treated juices showed no significant difference after enzymatic treatment. Similar results were observed for titratable acidity and total soluble solids. The enzyme-treated juices showed a higher concentration of soluble solids especially in juices treated with the experimental enzyme preparation, which may be due to the release of sugars from the polygalacturonic acid chain during enzymatic hydrolysis. The application of the experimental preparation also affected pH and titratable acidity, which is possibly due to the chemical character of the monosaccharides and oligosaccharides released during the enzymatic treatment.
Epidemiological studies have repeatedly shown an inverse association between the risk of chronic human diseases and the consumption of a polyphenolic-rich diet. These compounds may be classified into different groups such as phenolic acids, flavonoids, stilbenes, and lignans [31] .
Strawberries represent one of the most important sources of polyphenol compounds with antioxidant activity with other berries [32] . Therefore, it is important to note that the total polyphenolic, total anthocyanins, and the antioxidant capacity were not affected by enzymatic treatments, which is a behavior that was observed in other clarified fruit juices such as banana juice [33] , blackberry juice [34] , dragon fruit juice [35] and pomegranate juice [36] . In addition to the beneficial effects to health, the presence of the phenolic compounds are important from the commercial point of view because these substances have a potential food protecting capacity due to the antimicrobial and antioxidant activities. This increases the shelf-life of the product [37] .
Anthocyanins are the most abundant flavonoid compounds in strawberries [38] . The anthocyanins concentration is dependent, among other factors, on the enzymes present in the enzymatic preparation (or extract) used for clarification. Glycosidases are enzymes that hydrolyze glycosidic bonds of the molecule. The stability of anthocyanins during clarification is of great importance. In addition to nutritional benefits, the presence of anthocyanins is related to the color and the color strongly affects the consumer choice.
In addition to pectinases, the experimental enzyme extract as well as the high-quality commercial preparation contain cellulases, β-glucosidases, xylanases, and amylases. The activities of these enzymes together contribute to the degradation of polysaccharides such as pectin, cellulose, hemicellulose, and starch, which are responsible for the turbidity and viscosity of juices [39] . FPase is an enzyme activity measurement that comprises the total cellulases (exoglucanases and endoglucanases) plus β-glucosidases activity. Endoglucanases act on the inner region of the cellulose chain and facilitate the extraction and maceration of fleshy fruits. Xylanases act on hemicellulose and help to reduce the turbidity of fruit juices. Amylases are particularly important in the processing of juices with a high concentration of starch such as apple juice [28, 40] .
As shown in Table 2 , TP activity in the experimental preparation presented no statistical difference in comparison with that the commercial product despite the relatively low PL titer. As TP activity represents a synergic action of the different pectinases, one can suppose that polygalacturonases play the most important role in this measurement. FPase activity in the experimental preparation was much lower than in Pectinex ® Clear. Considering the activities of endoglucanases and β-glucosidases in both enzyme preparations, it is admissible to consider that this difference was due to a low activity of exoglucanases (not determined), which are enzymes that are responsible for breaking cellulose crystallinity. This is an enzymatic action that is not particularly important in treating fruits. By their turn, xylanases and amylases activities were statistically identical in both experimental and commercial enzyme preparations. Table 2 . Total pectinases (TP), pectin methylesterase (PME), pectinlyase (PL), FPase, amylases, endoglucanases, xylanases, and β-glucosidases activities in experimental preparation and commercial preparation.
Enzymes
Commercial Preparation (U/mL) Experimental Preparation (U/mL) Values correspond to the average of three tests. Different letters (a,b) indicate significant differences (p < 0.05) for each enzymatic activity.
Conclusions
In solid-state cultivation tests with A. niger LB-02-SF, it was found that 6% (w/w) of pectin in the culture medium and the absence of glucose favor the production of pectinases. The enzyme stability tests using temperatures up to 50 • C indicate that the pectinolytic enzymes produced meet the process conditions required by the industry under this aspect.
Besides pectinases, the experimental enzyme preparation contains the most important hydrolytic enzymes that are responsible for the degradation of undesirable polysaccharides of fruit juices. Therefore, it is capable of significantly reducing the levels of turbidity and viscosity of strawberry juice without affecting the content of total phenolic compounds, anthocyanins, and antioxidant activity. The efficiency is comparable to a high-quality enzymatic formulation available in the market.
The results obtained in this work confirm that the enzymes of A. niger LB-02-SF have high potential to be commercially used in the formulation of new products for fruit juice treatment. However, further studies must be carried out to optimize fungus cultivation and downstream processing conditions. Author Contributions: I.G.S. designed and performed the experiments. M.M.d.S. analyzed the data.
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